Background: Incision size plays a critical role in the efficacy of cataract surgery, but the available evidence on ideal incision size is inconsistent. In this study, we conducted a meta-analysis to evaluate the efficacy of coaxial microincisional phacoemulsification surgery (MICS) compared with that of standard-incision phacoemulsification surgery (SICS) in patients with age-related cataracts. Methods: The Cochrane Library (Wiley Online Library), PubMed, Medline, National Knowledge Infrastructure (CNKI), and VIP databases were searched to identify reports of clinical randomized controlled trials (RCTs) comparing MICS to SICS for the treatment of age-related cataracts. The outcomes of interest included surgically induced astigmatism (SIA), effective phacoemulsification time (EPT), central corneal thickness (CCT), endothelial cell count (ECC), endothelial cell count loss (ECC Loss %), and average ultrasonic energy (AVE).
Background
Age-related cataracts are a common condition and one of the most important causes of blindness. With the population increasing at a rate of more than 10 million people per year and as life expectancy continues to rise, 0.4 to 1.2 million new cataract patients are expected every year in China, and the number of cataract-related blindness cases is expected to increase to 5.0625 million in 2020 [1] . Due to improvements in medical technology and surgical instruments, phacoemulsification has now become a mainstream treatment for cataracts. Cataract surgery has gradually evolved from blindness prevention surgery to refractive surgery, with the aim of not only restoring vision but also improving visual quality and quality of life. The choice of surgical incision plays a crucial role in the efficacy of surgery, as the incision damages the surrounding tissues and affects the surgical approach. The size of microincisional phacoemulsification surgery (MICS) incisions ranges from 1.8 mm to 2.2 mm, whereas standard-incision phacoemulsification surgery (SICS) incisions range from 2.8 mm to 3.2 mm [2] . As the field of cataract surgery has trended towards minimally invasive approaches in recent years, some scholars now hold the view that smaller incisions contribute to less surgically induced astigmatism (SIA) [3] [4] [5] and hasten healing of the incision, thus leading to faster post-surgical recovery [6] [7] [8] . However, smaller incisions require high technical proficiency on the part of the surgeon, as well as sophisticated surgical instruments. Smaller incisions increase the difficulty of surgery and influence the outcomes, as they limit the range of movement of the surgical instruments. Research results on the comparative efficacy of MICS and SICS in patients with age-related cataracts are inconsistent [9] [10] [11] ; while some scholars suggest that MICS can effectively reduce SIA in both the short term and the long term compared with SICS [11] , other studies indicate no significant difference between MICS and SICS with regard to long-term SIA [9] . Which has more advantages? MICS or SICS? Therefore, in this study, we used meta-analysis methods to examine the advantages and disadvantages by comparing the efficacy of MICS and SICS.
Methods

Materials
We collected all existing reports of clinical randomized controlled trials (RCTs) on MICS and SICS for the treatment of age-related cataracts published through January 2016.
Search strategy
We searched the Cochrane Library (Wiley Online Library, 1999), PubMed, Medline, National Knowledge Infrastructure (CNKI), and VIP electronic databases. The databases were searched in October 2015 and an update was finished at January 2016 without restricting the publication status, year, language, or methodology. The search strategy combined terms related to disease (cataract) with terms related to therapies (phacoemulsification, microincisional, and standard incision). The following search strategy was used: ("cataract" OR "age related cataract" OR "senile cataract") AND ("phacoemulsification" OR "ultrasonic emulsification for cataract") AND ("micro incision" OR "MICS" OR "standard incision" OR "SICS" OR "Incision"). The details could be referenced to Additional file 1: Table S1 . Once relevant articles were identified, their references were searched as additional articles. All the studies included in this metaanalysis were searched either from the databases or from references of relevant articles. The assessment of search results were conducted by two evaluators (W.L.J, Z.Y) independently. If the evaluators' opinions differed, they attempted to reach a consensus and requested help from the study supervisor (W.Q). If a study was considered relevant, the full-text of the article was reviewed.
Inclusion criteria a) Study type: randomized controlled trials (RCTs); b) Population: patients with age-related cataracts; c) Intervention: microincisional phacoemulsification surgery (MICS) versus standard-incision phacoemulsification surgery (SICS), studies with no difference in the surgical process between MICS and SICS, aside from the difference in incision size, and with a clear corneal incision at 9~12 clock; d) Outcomes variables: at least one of the outcomes of interest mentioned below. The outcomes were measured, at least, at one of the time points (preoperatively, intraoperatively, 1 day postoperatively, 7 days postoperatively, 30 days postoperatively, or 90 days postoperatively).
Exclusion criteria
a) studies with incomplete data and information; e) studies of patients with other ocular pathology, such as diabetes, glaucoma, corneal scars, lens dislocation, age-related macular degeneration, history of eye surgery, etc.; f ) duplicate reports; g) conference abstracts; h) literature reviews; i) non-clinical experiments or animal studies; j) studies in which the surgical incision was performed on the astigmatism axis.
Outcomes measures
The following outcomes were used to compare the efficacy between MICS and SICS. The primary outcome is surgically induced astigmatism (SIA), which is an important factor to evaluate the efficacy of phacoemulsification. The less the astigmatism, the better the visual quality. The astigmatism was measured by corneal topography at preoperatively, 1 day postoperatively, 7 days postoperatively, 30 days postoperatively, and 90 days postoperatively.
The secondary outcomes are as follows: 1) The effective phacoemulsification time (EPT) and the average ultrasonic energy (AVE) were recorded from intraoperative phacoemulsification parameters.
2) The central corneal thickness (CCT) was measured by corneal topography at preoperatively, 1 day postoperatively, 7 days postoperatively, 30 days postoperatively, and 90 days postoperatively.
3)The endothelial cell count (ECC) was measured by specular microscopy at preoperatively, 1 day postoperatively, 7 days postoperatively, 30 days postoperatively, and 90 days postoperatively. The endothelial cell count loss (ECC Loss %), defined as the percentage of endothelial cell count reduced from baseline, was calculated on the difference of preoperative and postoperative endothelial cell count on specular microscopy. 4) The incidence of intraoperative and postoperative complications.
Statistical analysis
RevMan software (Version 5.2, The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) was used for the meta-analysis. The outcomes were extracted from the included studies to test the merged effect. The means and standard deviations of continuous outcomes were used to calculate the weighted mean difference (WMD) with a 95% confidence interval (95%CI). Whereas, odds ratios (ORs) with a 95% confidence intervals (95% CIs) were calculated for all dichotomous outcomes. The statistic significance level was set at a P-value less than 0.05. According to the Cochrane Handbook, the potential statistical heterogeneity was assessed using the χ 2 test. I 2 index score was used to describe the percentage of variability of heterogeneity and to decide whether to use a fixed or random effects model in the meta-analysis. The statistic significance level was set at a P-value less than 0.10 and an I 2 score greater than 50%. If no significant heterogeneity was detected among the included studies (P ≥ 0.10, I
2 < 50%), a fixed-effects model was selected for the remaining analyses. Instead, if significant heterogeneity was present among the included studies (P < 0.10, I
2 > 50%), a random-effects model was used.
Quality assessment criteria
The Cochrane risk and bias assessment tool was used to assess the quality of included studies. The quality assessment involved seven components (random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other sources of bias). For each components, "yes" indicated a low risk of bias, "no" indicated a high risk of bias, and "unclear" indicated an unclear or unknown risk of bias. The quality assessment was conducted by two evaluators (W.L.J, Z.Y). If the evaluators' opinions differed, they attempted to reach a consensus and requested help from the study supervisor (W.Q). The information of random method and follow-up was listed in Table 1 . The details of risk of bias assessment on each study were listed in Table 2 .
Results
Selection and description of studies
Initially, a total of 1178 records (193 in Chinese and 985 in English) were identified through the database search. After screening the titles, 1131 records were excluded because they were duplicates or unrelated to this metaanalysis. The full text of the 47 remaining records was assessed. After the completion of screening, 11 RCT studies [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] were included in this meta-analysis; 36 records were excluded because they described studies that were not randomized, lacked a control group, or did not report the outcomes of interest for this study. The flow chart of study selection are shown in Fig. 1 . The selected studies included a total of 550 eyes in the MICS arms and 548 eyes in the SICS arms. The characteristics of the included studies are listed in Table 1 .
Risk of bias
The results of the risk of bias assessment for the 11 included studies are shown in Figs. 2 and 3. Sequence generation was appropriate in five studies. While, one study was assessed a high risk on sequence generation for the random allocation was carried out according to registration order. Allocation concealment was described in three studies. Yet in the other studies, it was unclear. The outcomes involved in this metaanalysis were objective, which contributed to the low risk of bias associated with blinding of participants and personnel and blinding of outcome assessments. The outcomes data were complete in two studies, and other studies were unclear. Two studies avoided selective reporting, and others were unclear.
Meta-analysis results
Surgically induced astigmatism
A fixed-effects model was selected when analysing SIA at 1 day, 7 days, and 30 days after surgery, as no significant heterogeneity was found among the included studies. A random-effects model was selected to analyse the outcomes of SIA at 90 days postoperatively due to significant heterogeneity among the included studies(I 2 = 83%, P = 0.003). A total of two studies [13, 16] reported the prevalence of preoperative astigmatism, and no statistically significant difference was observed between MICS and SICS (WMD = 0.01, 95% CI (−0.07, 0.08), Z = 0.18, P > 0.05). A total of four studies [9, 11, 12, 15] reported outcomes of SIA at 1 day after surgery and showed less SIA with MICS than SICS (WMD = −0.72, 95% CI (−0.85, −0.58), Z = 10.33, P < 0.00001). A total of four studies [9, 11, 12, 15] reported outcomes of SIA at 7 days after surgery and again showed less SIA with MICS than SICS (WMD = −0.59, 95% CI (−0.70, −0.48), Z = 10.71, P < 0.00001). A total of seven studies [9-13, 15, 16] reported outcomes of SIA at 30 days after surgery and showed less SIA with MICS than SICS (WMD = −0.31, 95% CI (−0.36, −0.25), Z = 10.95, P < 0.00001). Finally, a total of three studies [9, 11, 16] 
Effective phacoemulsification time
A total of six studies were included in the meta-analysis of this outcome [9, 11, 12, 14, 15] . A fixed-effects model was selected, as no significant heterogeneity was found among the studies (I 2 = 0%, P = 0.49). The results indicated no statistically significant difference between MICS and SICS for the EPT (WMD = −0.17, 95% CI (−0.42, 0.09), Z = 1.29, P > 0.05), as shown in Fig. 6 .
Average ultrasound power
A total of six studies were included in the meta-analysis of this outcome [9, 11, 12, 14, 15] . A fixed-effects model was selected, as no significant heterogeneity was found among the studies (I 2 = 19%, P = 0.29). The analysis showed a statistically significant difference in AVE between MICS and SICS (WMD = −0.28, 95% CI (−0.41, −0.15), Z = 4.19, P < 0.0001), as shown in Fig. 7 .
Central corneal thickness
A fixed-effects model was selected to analyse this outcome. A total of four studies were included [9, 10, 16] in the analysis of preoperative CCT, which showed no statistically significant difference between MICS and SICS (WMD = 2.03, 95% CI (−4.76, 8.83), Z = 0.59, P > 0.05). A total of two studies [9] were included in the analysis of CCT at 1 day after surgery and found no statistically significant difference between MICS and SICS (WMD = 12.42, 95% CI (−6.31,30.14), Z = 1.37, P > 0.05). Similarly, the two studies [10] that reported outcomes of CCT at 7 days after surgery showed no statistically significant difference between MICS and SICS (WMD = −4.10, 95% CI (−14.74, 6.55), Z = 0.75, P > 0.05). A total significant difference of three studies [10, 16] reported outcomes of CCT at 30 days after surgery and again showed no statistically difference between MICS and SICS (WMD = −1.31, 95% CI (−8.16, 5.53), Z = 0.38, P > 0.05). Finally, a total of two studies [16] reported outcomes of CCT at 90 days after surgery and indicated no statistically significant difference between MICS 
Endothelial cell count
A fixed-effects model was selected to analyse this outcome, given the lack of heterogeneity among the included studies. A total of five studies [9] [10] [11] [12] 15] were included in the analysis of preoperative ECC, which showed no statistically significant difference between MICS and SICS (WMD = 22.04, 95% CI (−41.38, 85.46), Z = 0.68, P > 0.05). A total of four studies [9, 10, 12, 14] reported outcomes of ECC at 7 days after surgery and showed no statistically significant difference between MICS and SICS (WMD = 49.88, 95% CI (−36.67, 136.34), Z = 1.13, P > 0.05). Finally, a total of three studies [10, 12, 15] reported outcomes of ECC at 30 days after surgery and again showed no statistically significant difference between MICS and SICS (WMD = 49.61, 95% CI (−18.92, 118.14), Z = 1.42, P > 0.05). These results are shown in Fig. 9 .
Endothelial cell count loss
A fixed-effects model analysis was selected to analyse this outcome, given the lack of heterogeneity observed among the included studies. A total of three studies [9, 17, 18] were included in the analysis of ECC Loss % at 7 days after surgery, which showed no statistically significant difference between MICS and SICS (WMD = 0.18, 95% CI (−1.30, 1.67), Z = 0.24, P > 0.05). Similarly, the three studies [15, 17, 18] that reported ECC Loss % at 30 days after surgery showed no statistically significant difference between MICS and SICS (WMD = 0.07, 95% CI (-2.03, 2.17), Z = 0.06, P > 0.05). Finally, a total of two studies [11, 18] reported ECC Loss % at 90 days after surgery and showed no statistically significant difference between MICS and SICS (WMD = −0.10, 95% CI (−2.17, 1.97), Z = 0.10, P > 0.05). These results are shown in Fig. 10 .
Publication bias analysis
As shown in Fig. 11 , most of the data bias was within the 95% CI, and this range included the null (zero). The distribution of the plots was symmetric. These results demonstrate that publication bias had no influence on the credibility of this research. 
Intraoperative and postoperative complications
The comparisons of complications between MICS and SICS are shown in Table 1 . Corneal wrinkle, anterior chamber collapse, posterior capsule rupture, and iris prolapsed through the incision are the commonly reported intraoperative complications. Corneal edema is the commonly reported postoperative complications. All the complications showed no statistically significant differences between MICS and SICS.
Discussion
Due to the rapid development of phacoemulsification and the trend towards minimally invasive surgery, incision size has begun to play a critical role in cataract surgery. Smaller incisions heal more rapidly and result in improved stability and impermeability of the anterior chamber, as well as less SIA and faster recovery of visual quality [6, 17, 19, 20] . However, research findings regarding the difference between MICS and SICS for the treatment of age-related cataracts are inconsistent. Some scholars suggest that MICS effectively reduces the AVE [9] , ECC Loss % [10] , corneal oedema [10] and SIA in both the short term and the long term compared to SICS [11] . However, some studies show no significant difference between MICS and SICS in the AVE [11] , ECC Loss % [11] , corneal oedema [11] and SIA in the long term [9] . These inconsistent conclusions create confusion for readers and clinicians. A previous study by Shentu and colleagues compared MICS with SICS, but it only evaluated outcomes up to 60 days after surgery. Comparisons of postoperative SIA only included short-term outcomes. Thus, a need remains for studies comparing long-term postoperative outcomes of MICS and SICS. Furthermore, difficulties in conducting clinical RCTs and limitations in sample size exacerbate differences among studies due to random error. To provide credible and conclusive evidence to readers, this study used meta-analysis methods, which can overcome the limitations of traditional clinical RCTs. A total of 11 studies were included in this meta-analysis. The current study is representative, as it involves studies conducted in several regions, and outcomes of SIA, EPT, AVE, CCT, ECC, ECC Loss %, intraoperative complications, and postoperative complications were selected to evaluate the effects of surgery. All selected outcomes are objective, and the risk of bias was low for all outcomes.
The results of this meta-analysis showed no statistically significant difference between MICS and SICS with regard to EPT, indicating that the duration of surgery does not differ between MICS and SICS. However, the AVE was significantly different between MICS and SICS. The surgical instruments used in MICS are more delicate, leading to lower AVE than in SICS.
The size and placement of the incision affect corneal curvature and SIA [21] , which is the key factor that influences postoperative visual acuity [9] . Hayashi's study showed that decreasing the size of the incision by 0.5 mm leads to a 0.25 D decrease in SIA [22] . The results of our study show a significant difference in SIA Fig. 6 Forest plot of the EPT comparison Fig. 7 Forest plot of the AVE comparison at 1, 7, 30, and 90 days postoperatively, indicating that MICS causes less SIA than SICS in both the short term and the long term. We therefore conclude that smaller incisions decrease SIA, which is consistent with the results of Kahraman and other authors [3] [4] [5] . What's more, it is an important evidence that MICS has more superiority at a low SIA and better visual quality than SICS.
Corneal oedema is common after cataract surgery, and it can affect postoperative visual acuity and quality [11] by reducing the transparency of the cornea. The CCT reflects the degree of postoperative corneal oedema. The results of this study show no statistically significant difference in CCT at 1 7, 30, or 90 days postoperatively, indicating that MICS is similar to SICS in its effects on postoperative corneal oedema. Corneal endothelial cells play an important role in normal physiological function, and they are crucial for maintaining the transparency of the cornea [11] . The duration and energy level of ultrasound exposure, as well as the infusion of viscoelastic agents into the anterior chamber during surgery, can damage endothelial cells [15, 23] . This meta-analysis shows no significant difference in the ECC at 7 and 30 days, nor any difference in ECC Loss % at 7, 30, and 90 days postoperatively. Theoretically, MICS could hasten the closure of the anterior chamber [18] and decrease endothelial cell damage and loss [7] . However, the results of this study show no significant difference between MICS and SICS. Thermal damage associated with surgical instruments and larger energy consumption may contribute to ECC Loss %; the specific mechanisms involved require further research. CCT, ECC, and ECC Loss % are associated with corneal oedema and corneal function, which affect visual recovery and surgery safety. Thereby, the results provide evidence that MICS and SICS is similar in surgery safety.
The intraoperative and postoperative complications play important roles in evaluating the safety of cataract surgery. The commonly reported complications were corneal wrinkle, anterior chamber collapse, posterior capsule rupture, iris prolapsed through the incision, and corneal edema. As reported in the included studies, the corneal edema could be resolved by treatment. No s statistically significant differences between MICS and SICS on complications indicates that MICS is similar to SICS on surgery safety.
Endophthalmitis [24] and macular thickness [25] outcomes are also related to incision size. However, we did not analyse these outcomes because the number of relevant RCT reports is limited. The detailed mechanisms underlying the differences in MICS and SICS deserve further research; health economics evaluations of these treatments are also needed.
There were some limitations in this meta-analysis. First, some of the included studies provided no details on the method of randomization, allocation of concealment, or the intention-to-treat (ITT) analysis of patients who were lost to follow-up. The unclear risk of bias in these studies may affect the credibility of the results. Second, the presence of significant heterogeneity between included studies influences the credibility of the results. A sensitivity analysis was used to assess the robustness of the meta-analysis results and to analyze the source of heterogeneity by sequentially omitting individual studies. However, the sensitivity analysis is not suitable for SIA at 90 days postoperatively and CCT at 90 days postoperatively. The heterogeneity is obvious among studies included in analysing SIA at 90 days postoperatively (I 2 = 83%, P = 0.003). The sensitivity analysis could not ascertain the source of heterogeneity, and the meta-regression analysis could not be used because the number of included studies is too few. Thus, a randomeffects model was used to analyze SIA at 90 days postoperatively. Regarding CCT at 90 days postoperatively, the heterogeneity was encountered (I2 = 53%, P = 0.15). A fixed-effects model was selected for the heterogeneity show no statistical differences (P = 0.15) and the number of included studies limits further analysis. Additionally, the statistical results of the fixed-effects model are Fig. 9 Forest plot of the ECC comparison consistent with that of the random-effects model on SIA at 90 days postoperatively and on CCT at 90 days postoperatively. The detection of heterogeneity is related to the diversity of clinical characteristics which affect the uniformity of the involved studies. For example, the patients maybe have different ages or come from different regions and races. Plus, the surgeries maybe were conducted by different doctors using different equipments in each included study. Third, as we could not gain access to unpublished results, publication bias cannot be fully excluded.
Conclusion
The results of this meta-analyses show that MICS has more superiorities than SICS and that the switching from SICS to MICS is reasonable. Compared to SICS, 
